were advanced using a modified bulk-breeding method in fields at Ithaca, NE in 2000 . Each F 2 bulk was planted at a seeding rate of 66 kg ha -1 in a 2.4-m long, four-row plot with 30 cm between rows. After a mild culling selection of less than 15% to remove very poor bulks (usually based on poor winter survival, although also on poor disease resistance, extreme lateness, or lodging), the F 3 bulks were planted in September 2001 in an unreplicated F 3 bulk nursery, each as a 5-m long, four-row plot with 30 cm between rows. Approximately 50% of the F 3 populations were visually selected based on an estimate of winter survival, disease resistance, and general agronomic appearance-mainly plant height, flowering date, straw strength, and visually estimated yield potential. Each selected population was advanced by random sampling of approximately 100 spikes in July 2001, although especially meritorious bulks had a sample of 200-300 spikes selected. Selected spikes were threshed individually and planted in a headrow nursery in September 2002. Headrow selections were planted as single 0.9-m rows with 30 cm between rows. Headrows were selected visually on the basis of uniformity and agronomic appearance. Headrows with shorter plants and stronger straw were selected for advancement in rainfed nurseries in a single 2.4-m long, four-row plot with 30 cm between rows at Lincoln, NE and for planting in 3-m long, two-row plots with 30 cm between rows under irrigation near Gurley, NE, which were harvested in 2003. Based on its performance in 2003 under irrigation, the line was advanced in 2004 to the Irrigated-Rainfed Nursery, which has one irrigated testing site in western Nebraska (Gurley in 2004, but the irrigated location varies over years) and three rainfed sites (Hemmingford, North Platte, and Lincoln, NE) with the idea that some irrigated wheat lines selected in western Nebraska may perform well in eastern Nebraska, which gets more rain. NI04421 was the 21st new entry in 2004, hence the experimental line designation of NI04421. Based on its performance in 2004 under both irrigated and rainfed production, NI04421 was continued in the Irrigated-Rainfed Nursery and in the intermediate rainfed nursery (grown in six environments in Nebraska in 2005) . From 2006, NI04421 was grown in both the Irrigated-Rainfed Nursery and the elite rainfed nursery (six locations per year). Once the line was identified in 2004, the only selection thereafter was roguing to remove obvious off-types. NI04421 was evaluated in the USDA-ARS coordinated Southern Regional Performance Nursery (SRPN) in 2006 and 2007 and in the Nebraska State Variety Trial (NESVT) from 2006-2010. The NESVT is planted annually at 13-15 rainfed and 2 or 3 irrigated locations in Nebraska or combined with nearby locations in Wyoming. Normally 1-3 locations are lost yearly due to hail, freezes, drought, or severe disease incidence.
Lines were advanced based on winter survival (determined at Ithaca, NE), resistance to stem rust (caused by Puccinia graminis Pers.:Pers. f. sp. tritici Eriks & E. Henn.) and other foliar diseases prevalent in the field, uniformity, and general agronomic appearance. Traits for the latter included plant height (measured from the soil surface to the tip of the spikes, excluding the awns), flowering date (measured as the number of days after 1 January to when 50% of the emerged spikes had extruded anthers), straw strength (measured using a scale of 1 to 10, where 1 = little to 10% lodging and 10 = 100% lodged), grain yield, and grain volume weight.
Over the winter, all of the lines were evaluated in the greenhouse in Lincoln, NE for their resistance to stem rust with race TPMK (methods described in Sidiqi et al., 2009) and at the USDA-ARS Cereal Disease Laboratory with races TPMK, QCRS, RCRS, TTTT, and RKQQ in the greenhouse and a composite of races (RCRS, QFCS, QTHJ, RKQQ, and TPMK) in the field for the advanced nursery (methods described in Rouse et al., 2011) . In addition, the lines were evaluated in the greenhouse at Lincoln and at the Cereal Disease Laboratory for leaf rust (caused by P. triticina Eriks) (methods described in Watkins et al. 2001 and Kolmer et al. 2009 ), and in the field (data from the regional performance nurseries using naturally occurring isolates) for leaf rust and stripe rust (caused by P. striiformis Westendorp f. sp. tritici). For Wheat soilborne mosaic virus, the lines were screened in the field at Lincoln and in the regional performance nurseries with naturally occurring strains (methods described in Hunger et al., 1989) .
The lines were evaluated in the greenhouse for Fusarium head blight (caused by Fusarium graminearum Schwabe). Each spike was artificially inoculated with a spore suspension of an isolate of F. graminearum at 1 × 10 5 spores mL −1 at mid-anthesis using a handheld bottle sprayer. To obtain the spore suspension, an isolate of F. graminearum obtained from a Nebraska wheat field was grown on potato dextrose agar plates on a laboratory bench for 3 wk. Sterile distilled water (5 mL) was added to each plate, and a rubber policeman was used to dislodge spores. The spore suspension was filtered through two layers of cheesecloth into a beaker, and the concentration was adjusted to 1 × 10 5 spores mL −1 with distilled water. Approximately 2 mL of the spore suspension was applied to each spike with a handheld bottle sprayer, and the spike was then covered with a transparent plastic bag for 7 d following inoculation. The severity of FHB (%) was visually estimated 14 d after inoculation. In the field, nurseries for natural infection, inoculation without irrigation, and inoculation with mist irrigation nurseries were used to evaluate the lines (methods described in Wegulo et al., 2011) . The lines were also evaluated for their resistance to Hessian fly [Mayetiola destructor (Say)] by the USDA-ARS Center for Grain and Animal Health Research (using methods described in Chen et al., 2009 ). For enduse quality, the preliminary lines were evaluated with a Mixograph (National Manufacturing Co., Lincoln, NE) and for protein content (Baenziger, 2001b) . The advanced lines were evaluated with composited grain samples from western Nebraska (locations other than Lincoln or Ithaca that were harvested for seed). Bread-baking properties were evaluated by approved methods (AACC, 2000) . Bake mix time, water absorption, and external and internal grain and texture were recorded (AACC, 2000; Baenziger et al., 2001b; Baenziger et al., 2008) .
Statistical Analyses
The elite and advanced breeding trials were analyzed with an incomplete block design (incomplete block size = The coleoptile length of NI04421 (80 ± 1 mm) is similar to that of Husker Genetics brand Overland (79 ± 1 mm; 'NE01643', Baenziger et al., 2008) , 'Infinity CL' (82 ± 2 mm; Baenziger et al., 2006) , and Wesley (75 ± 1 mm) but shorter than that of Husker Genetics brand Settler CL (96 ± 2 mm; 'NH03614 CL', Baenziger et al., 2011) , and conventionalheight cultivars such as 'Goodstreak' (109 ± 1 mm; Baenziger et al., 2004) and 'Scout 66' (114 ± 1 mm; Schmidt et al., 1971) .
Although considerable data is available from the breeding nurseries during line development, the majority of data presented here will be from the SRPN and NESVT (Table 1) (Porter et al., 1987) , the highest-yielding check cultivar (3315 kg ha -1 in 2006 and 3574 kg ha -1 in 2007). In other measures of performance, NI04421 (74.7 kg hL -1 ) had a higher grain volume weight than Tam 107 (73.8 kg hL -1 ). NI04421 matured (131 d after 1 January) later than TAM 107 (127 d after 1 January). NI04421 is a semidwarf wheat (78 cm) and is taller than TAM 107 (74 cm).
In the NESVT (Table 1) , NI04421 was identified as a line with specific and local adaptation because its performance for grain yield in many regions (Peterson, 1992) was lower than more broadly adapted cultivars, such as 'Camelot' , Infinity CL, 'Millennium' (Baenziger et al., 2001a) , Overland, Settler CL, and 'Wesley' (Peterson et al., 2001) . Nebraska is known for having diverse ecogeographic zones, and cultivar performance is best understood by looking at regional performance within Nebraska (Peterson, 1992) . NI04421 is adapted to rainfed production in western Nebraska, where its grain yield was competitive with that of the best wheat cultivars in the west central and western or panhandle regions, where Settler CL is currently the highest-yielding cultivar (Table 1) . However, NI04421 differs from Settler CL in that NI04421 is not a herbicide-tolerant wheat cultivar and hence does not have the stewardship requirements of such cultivars. In comparing NI04421 with Settler CL, both lines have similar grain volume weight, grain protein content, and lodging. NI04421 is slightly taller than Settler CL (Table 1) .
NI04421 is also adapted to irrigated production in western Nebraska and eastern Wyoming (Table 1) . Over all irrigated locations, NI04421 (6652 kg ha -1 ) and Bond CL (6558 kg ha -1 ; Haley et al., 2006) , a herbicide-tolerant wheat, had similar grain yields and both were superior to Wesley (6403 kg ha -1 ), a popular irrigated cultivar in this region. NI04421 has a higher grain volume weight (77.2 kg hL -1 ) than Bond CL and Wesley (Table 2) . Compared with these cultivars, NI044221 has a similar or lower grain protein content and is similar in height or taller. NI04421and Bond CL have similar ratings for lodging and both are inferior to Wesley.
Disease and Insect Resistance
Using data predominantly from the SRPN, NI04421 is moderately resistant to stripe rust. It is moderately resistant to 5) within blocks (block size = 60) with Agrobase GEN II (Agronomix Software, Inc. Winnipeg, Canada; Stroup et al., 1994) . The Irrigated-Rainfed Nurseries were analyzed with an incomplete block design (incomplete block size = 5) within blocks (block size = 40) with Agrobase GEN II. Occasionally, advanced and elite trials with three or more replications were analyzed with the nearest neighbor procedure of Agrobase GEN II (Stroup et al., 1994) . Because Nebraska has three major wheat-producing regions (Peterson, 1992) and the irrigated trials are considered environmentally different from the rainfed trials, the data were analyzed within a location within region or irrigation treatment (irrigated or rainfed) and rarely across locations and irrigation treatments for the advanced, elite, and irrigated trials. Location means and ranks were studied and lines were selected by having excellent performance within a location and irrigation treatment, across locations within a region, and all locations and irrigation treatments within a year based on the arithmetic mean of the adjusted means, or across locations, irrigation treatments, and years based on the arithmetic mean of the adjusted means. A truncated selection procedure was used as a risk-avoidance strategy. Basically if a line did well in 1 or 2 yr and then poorly in the next year, the line was not continued because it might perform poorly in a producer's field. Analyses of the SRPN data used SAS (SAS Institute Inc., Cary, NC) for a randomized complete block design within locations and across locations within a year. Entries tested in the SRPN were statistically analyzed only within years due to many entries being tested for only 1 yr. For the NESVT, the trials were analyzed with SAS using a row and column correction (PROC MIXED) for each location and analyzed across years within a region. Entries varied greatly across regions, hence analysis across regions and locations was not done with SAS, but the arithmetic means of lines in common were considered. Only entries common to the trials across years within a region in the NESVT (2006 to 2009) were analyzed with randomized complete block designs.
Characteristics Agronomic and Botanical Description
The coleoptile of NI04421 is white and the juvenile growth habit is prostrate. The foliage is green with a light waxy bloom on the leaf sheath and spike at anthesis but not on the leaves. The flag leaf is recurved and twisted at the boot stage. The leaves are generally glabrous. After heading, the canopy is moderately closed and the heads are nodding. The spike is tapering, narrow, midlong, and middense. The glume is long and narrow, and the glume shoulder is absent. The beak is moderately long in length with an acuminate tip. NI04421 is an awned, tan-glumed, semidwarf cultivar that contains the RhtB1b allele (formerly Rht1). The spike is predominantly nodding at maturity with some spikes inclined. Kernels are red, hard textured, and mainly ovate in shape. The kernel has either a very small collar or none, a midsized brush of medium length, rounded cheeks, large germ, and a narrow, shallow crease.
Journal of Plant Registrations, Vol. 6, No. 1, January 2012 susceptible to Fusarium head blight (data from greenhouse and field observations in Nebraska). NI04421 is susceptible to Hessian fly and Wheat streak mosaic virus (data obtained from the SRPN, 2006 and field observations in Nebraska). It is susceptible to common bunt (syn., stinking smut; caused by Tilletia spp.), and seed treatments are recommended.
End-Use Quality
The milling and baking properties of NI04421 were determined on grain harvested during 4 yr by the Nebraska Wheat Quality Laboratory (Table 2) . In these tests, Wesley, an excellent milling and baking wheat, was used for comparison. The average grain and flour protein contents of NI04421 (146 and 118 g kg -1 ) were similar to or less than those of Wesley (147 and 126 g kg -1 ) for the corresponding years. moderately susceptible to stem rust in field nursery tests inoculated with a composite of stem rust races (RCRS, QFCS, QTHJ, RKQQ, and TPMK). In greenhouse tests, it displayed heterogeneous reactions (e.g., some plants are resistant and others are susceptible) to races QFCS, RCRS, and RKQQ of stem rust. NI04421 is resistant to Wheat soilborne mosaic virus (rated as 2 in Lincoln in 2008 on a 1 [resistant] to 9 [susceptible] scale). In this test, Wesley (resistant) was rated as 1 and Millennium (susceptible) was rated as 7. In the 2007 SRPN, NI04421 was rated as 1.5 (on a scale of 1 to 4, where 1 = resistant, and 4 = susceptible), which was similar to many other resistant experimental lines in the trial and superior to the resistant cultivar 'Trego' (2.5), which had a higher score than expected. NI04421 is moderately susceptible to leaf rust (data from the 2006 and 2007 SRPN) and is The slightly lower grain protein content was confirmed by the Nebraska cultivar performance trials, in which NI04421 was similar to or lower than Wesley in all regions. The average flour extraction on the Buhler Laboratory Mill (Buhler, Uzwil, Switzerland) for NI04421 (723 g kg -1 ) was lower than for Wesley (741 g kg -1 ), and the flour ash content (4.35 g kg -1 ) was lower than that of Wesley (4.64 g kg -1 ). The dough-mixing properties of NI04421 were strong, with a Mixograph mix-time peak of 4.4 min and mix-time tolerance of 4.8, which were similar to the values for Wesley, which had a mix-time peak of 4.2 min and mix-time tolerance of 4.7. The average baking absorption for NI04421 (608 g H 2 O kg -1 ) was slightly higher than that of Wesley (600 g H 2 O kg -1 ) for the corresponding years. The average loaf volume of NI04421 (813 cm 3 ) was lower than Wesley's (861 cm 3 ). The mean scores for the external appearance, internal crumb grain, and texture ranged from 4.4 to 4.9, which were good but slightly less than those of Wesley, which ranged from 4.5 to 5.3. The overall end-use quality characteristics for NI04421 are acceptable and similar to many commonly grown wheat cultivars that are well received by the milling and baking industries.
Seed Purification and Increase
Seed purification of NI04421 began in 2005 and continued through 2009 by means of visual identification and manual removal of variants, which were primarily tall, awnless, or red-chaffed off-types, in bulk seed increases grown under rainfed conditions at Lincoln and Ithaca, NE. NI04421 has been uniform and stable since 2007. Less than 1% of the plants were rogued from the breeder's seed increase in 2007. The rogued variant plants were taller (by 8-15 cm), had larger beak length, or bronze chaff. Up to 2% variant plants may be encountered in subsequent generations. Overall bake --------g kg -1 --------min 0-7 ‡ cm 3 ---------0-6 § --------- 
